Trees in paddy fields characterize the landscape of plain areas in mainland Southeast Asia. Although they play an important role in providing subsistence materials to local communities and in maintaining biodiversity, their distribution patterns are affected during agricultural intensification. In this study, we compared the density and species diversity of trees in two types of paddy fields (i.e., with and without land consolidation) to examine the effects of agricultural intensification on the woody plant community. Aerial photographs and satellite images were used to record changes in land use and tree-unit density from 1975 to 2014 at 18 target sites in three different rural landscapes. Field surveys were conducted in 2015 to investigate the total individual trees, species richness, and individual tree density. Tree species diversity was low at the local scale and varied greatly among sites, resulting in greater diversity at the landscape level. Tree species composition changed, with an increase in the number of ruderal and planted trees. During 1975 2014, the paddy plot size expanded three times due to land consolidation. As plot sizes increased, the density and species richness of remnant trees in the fields decreased, whereas planted trees on the levees were unaffected. Our results suggest that to enhance biodiversity in paddy fields, there should be a focus on improving the quality of trees planted on the levees. Smartly incorporation of various tree species onto paddy levees, together with appropriate guidelines for management of a paddy field-based agroforestry would be effective for preserving landscape sustainability.
INTRODUCTION
The conservation of landscapes that are capable of harmonizing the needs of both human society and nature has become a pressing concern, as the human population and the decline of biodiversity have both risen dramatically. By harboring a large portion of the world's biological diversity (Pimentel et al. 1992 ) and providing benefits to human society, agricultural landscapes in rural areas have long been considered sustainable environments (McNeely 1995 , Miller and Hobbs 2001 , Yokohari et al. 2005 . However, these landscapes are rapidly disappearing due to the incorporation of industrialization into traditional agricultural practices (Natori et al. 2011) . From the latter half of the 20th century, agricultural intensification has occurred around the globe and has resulted in a severe reduction in local biodiversity and an increased risk of global extinction for many species (Norris 2008) . The increased application of chemicals and machinery has helped to temporarily obtain higher crop yields, but inappropriate intensive farming might lead to the permanent degradation of ecosystems (Tilman 2002 , Norris 2008 . The balance of diversity and productivity has been broken, and sustainability is no longer assured.
In mainland Southeast Asia, paddy rice fields are a monoculture of a staple crop, but they also integrate a variety of trees, which are located on the paddy floor or the paddy levee (Kosaka et al. 2006 , Pham et al. 2015 . These woody plants play an important role in sustaining local livelihoods, providing biomass energy, as well as limiting the decrease in forestland (Takaya and Tomosugi 1972 , Grandstaff et al. 1986 , Watanabe 1990 , Prachaiyo 2000 , Vityakon 2001 , Vityakon et al. 2004 , Kosaka et al. 2006 , Natuhara et al. 2012 , Miyagawa et al. 2013 , Nansaior et al. 2013 , Pham et al. 2015 .
However, studies on those trees in paddy fields have been limited mostly in their quantitative density, but lack of qualitative report on species diversity. Although tree species TROPICS Vol. 25 (1) diversity are much lower than herbaceous plant species, trees provide habitat for hundreds or thousands of species such as bee, birds, termites, etc. (Grandstaff et al. 1986 , Kokubo et al. 2015 . Hence, abundant trees species lead to diversity of a larger variety of organisms. Due to both benefits of trees to human and nature which are capable of balancing productivity and diversity, this study focus on diversity of trees in paddy fields.
In the past, there were reports that size of individual farms was associated with the density of trees: larger farmlands holding usually had more trees than smaller ones (Vityakon 1996) . Nevertheless, the positive relationship of tree density with farm size does not imply the same trend for species richness. In contrast, several studies have pinpointed that together with the development stages of rice cultivation, a diverse mix of remnant tree species scattered in paddy fields is gradually replaced by a few planted one (Grandstaff et al. 1986 , Kosaka et al. 2006 or by the eucalypts plantation on the levee (Funahashi and Kosaka, 2015) . Besides, a research regarding tree species diversity in western Kenyan farms has concluded that though farm size had a positive relationship with tree diversity, the same area would be more abundance if it was composed of many smaller plots (Kindt et al. 2004) . Whereas relationship of trees diversity and size of field plot remain unclear, farmers continue to expanding their plot size to adopt the use of agricultural machinery (Grandstaff et al. 2008) .
Besides the use of machinery and the increase in field size, agricultural intensification also involving the intensive use of chemical fertilizers and changes in cultivation practices from transplanting to direct seeding under mechanized plowing or puddling (Miyagawa et al. 2011) , which have entailed important landscape changes. A number of studies on density of these trees in different period have coincidentally reflected a declining trend in the average tree density over time: Watanabe (1990) reported a tree density varies from site to site ranging from 30 to 149 tree/ha; Prachaiyo (2000) recorded an average density of 15 tree/ha, varies between 4 and 24 trees/ha; and Pham et al. (2015) found an average density of 6.27 tree-unit/ha, ranging from 2.01 to 10.10 (tree-unit/ha). Trees gradually reduce over time is common knowledge (Grandstaff et al. 1986 ), however it is coincidentlly correlated with the development of intensive agriculture. Thus, this study were conducted to find out the impact of landscape transfor mation due to agricultural intensification on tree density and species diversity in paddy fields.
In this study, we analyzed the distribution pattern of trees in different agricultural areas in rural landscapes of northeast Thailand to determine how the process of agricultural intensification affects the density and species diversity of trees. Specifically, we examined the hypotheses that (i) there is relationship between the average plot size and the density and species diversity of trees, and (ii) agricultural intensification has affected tree diversity due to land consolidation that occurred in the past.
MATERIALS AND METHODS

Study area
The study was conducted in the northeast region of Thailand (14 7 18 26' N, 100 54' -105 37' E) (Fig. 1a) . Like many other parts of the country, rice cultivation is the most important crop grown in the study area. Due to the dry and saline soil conditions, as well as a lack of water, the average rice yield in the region is the lowest in Thailand, despite its being the second largest rice growing area in the country (Adulavidhaya and Tsuchiya 1986) . Following the fourth National Economic and Social Development Plan (NESDP) of Thailand in 1976, modern agricultural technologies were introduced to the northeast region (Soni and Ou 2010). However, it is only since 1985 that a structural shift in agricultural production in the region began to occur (Thepent and Chamsing 2009) . Biodiversity in paddy fields was affected when agricultural machines were introduced and gradually replaced traditional management methods, as well as by urbanization and land consolidation (Miyagawa et al 2011) . The percentage of households using a two-wheeled tractor in the northeast started to increase (7% in 1983 , 54% in 1993 , 89% in 2003 Grandstaff et al. 2008) . The increased use of agricultural machinery also led to further land consolidation to increase the size of paddy plots. The use of machinery has become an important change in agricultural production systems, with nearly 100% of households now using tractors (either four-or two-wheeled), instead of animal power.
Geographical data and field survey
Three different landscapes were chosen: Phon Than, Lao Nokchum, and Si Chompu (Fig. 1b) . Each landscape is a mosaic of paddy fields, upland fields, remnant forest and human settlements, typical for the rural landscape of the northeast. Their topography ranged from a flood plain to a low terrace, with soil fertility varying from high to low, respectively (Pham et al. 2015) . All three landscapes have a long history of rice cultivation, ranging from 100 to 1000 years. Three different time series during 1975 2014 were created for each landscape using aerial photographs obtained from Royal Thai Survey Department (provided as monochrome; 1:15,000; images taken on 7 Nov 1975; 18 Dec 1975; 6 Oct 1976; 14 Jan 1991; 2 Nov 1992 and 12 Nov 1992) and satellite images obtained through free images of Google Earth version 7.1.2.1041 (images taken on 10 Apr 2013; 13 Jan 2014 and 15 May 2014 provided by Digital Globe). These time series were selected to represent three different stages of the mechanization of agriculture: 0% (1975 1976), 50% (1991 1992) , and 100% (2013 2014) (see Grandstaff et al. 2008 for details). Within a 1-km radius circle of each study landscape, we identified paddy fields that were or were not under land consolidation by comparing the net-like image of paddy levees (the earthen ridges surrounding paddy fields) in the different time series (Fig. 2) . We divided paddy fields into two groups: landconsolidation (LC) paddies (there were changes in the average paddy plot size and length of paddy levee) and noland-consolidation (NLC) paddies (there were no such changes).
In each studied landscape, there were three random replicates for each group; thus, there were nine target sites in three landscapes for each group and 18 target sites in total, with the area of each site varying from 0.7 to 1.6 ha. As the area of paddy land holdings in the region was relatively small (2.3 ha in 2000; Grandstaff et al. 2008) , sites were selected to ensure that each site belonged to the same owner and had undergone similar management methods. Changes in the number of paddy plots, length of paddy levees, and tree distribution patterns were recorded in the three time series. The number of tree crowns (either of single tree or of cohesive trees) in each microhabitat (inside the paddy field or on the paddy levee; Fig. 3a ) was counted for calculating the tree-unit density on behalf of the tree-individual density (Pham et al. 2015) . The site area and length of paddy levees were measured using Calculate Geometry in ArcView 10. The average plot size was then determined by dividing the total site area by the number of paddy plots. A field survey was conducted in March 2015 at 18 target sites to collect tree diversity data. Three measures, total individual trees (the total number of individual trees), individual tree density (the average number of individual trees per hectare), and species richness (the total number of trees species) with diameter at breast height (DBH) of more than 1 cm and height (H) of more than 1 m at each target site were recorded separately for each microhabitat, both in the field and on the levee. The nomenclature of the tree species followed Smitinand and Larsen (1970 1996) and Santisuk and Larsen (1997 2013) . Interviews about the land management history with the field owners were also conducted.
Analysis
To test whether LC paddies differed from NLC paddies, an analysis of variance (ANOVA) was performed. Means were compared by Fisher tests. To examine the relationship of plot size to tree diversity, Pearson's correlation coefficients were calculated for all 18 studied sites and the LC group in each time series. We calculated the mean alpha diversity for each microhabitat in each group as the mean number of species per site (i.e., across nine sites per group; equal to the mean value of species richness). Gamma diversity for each microhabitat in each group was the total number of species identified across all the sites in the group. Beta diversity was the difference between gamma diversity and mean alpha diversity (Crist et al. 2003) . All statistical analyses were performed using Excel Statistics 2012.
RESULTS
Tree species diversity
Across all 18 sites, we recorded 334 individual trees and identified 44 tree species representing 20 families, along with two unidentified species. Twenty species were remnants from forest, seven ruderals that were open field species, seventeen were planted, and two species were both planted and ruderals. Nineteen remnant species were recorded in LC sites, whereas in NLC sites there were only six remnants. One planted species (Pithecellobium dulce) was found in a termite mound in the fields, while other sixteen planted species were found on the levees (Appendix 1). Diversity tended to be highest in trees on the levees in the LC group, regardless of the parameter considered, whereas it tended to be lowest in trees in the fields in the NLC group. The mean number of individual trees was much higher on the levees in the LC group (17.0 trees) than in the fields in the NLC group (1.4 trees) ( Table 1 ). The mean number of individual trees was intermediate on the levees in the NLC group and in the fields in the LC group (13.0 and 5.7, respectively). The mean individual tree density followed the same trend, with 14.6 tree/ha on the levees in the LC group, 1.3 tree/ha in the fields in the NLC, and 12.8 and 5.9 tree/ha on the levees in the NLC group and in the fields in the LC group (Table 1) .
The mean alpha diversity, or mean species richness, was nearly five times higher on the levees in the LC group (4.9 species) than in the fields in the NLC group (1.0 species), and it was intermediate at the other two locations (3.7 on the levees in the NLC group, and 2.1 in the fields in the LC group) ( Table 1 ). The total number of species across all sites (gamma diversity) was also at a maximum on the levees in the LC group (44 species), with 33 species on the levees in the NLC group, 19 species in the fields in the LC group, and only 9 species in the fields in the NLC groups. Overall, the trend of low mean alpha and high beta diversity found in both groups explained the high variation on all diversity measures among sites.
The Sorensen similarity indices (Sorensen 1948) were calculated for further comparison of species composition between three selected landscapes. The lowest similarity index was between the sites in Si Chompu and the sites in Phon Than (0.19), despite their similar landscape characteristics. The sites of Lao Nokchum which located in floodplain and the sites in Si Chompu has the similarity of 0.27, follows by the similarity index between the sites in Lao Nokchum and the sites in Phon Than of 0.44. ha) ( Table 2) . The overall tree-unit density had a tendency to reduce over time, except on the levees in the NLC groups, where tree-unit density increased over time (Table 3) . Tree-unit density tended to be higher on the levees in the LC group and lower in the fields in the NLC, irrespective of the time period. The difference among microhabitats within each group was not significant in 1975 1976, but was significant for both groups in 2013 2014 (Table 3) . As with tree species diversity, tree-unit density showed a consistently high coefficient of variation among sites.
Relationship between paddy plot size and the density and species diversity of trees
In general, there was no relationship between the paddy plot size and tree density or tree species diversity. Further analyses were performed for the LC sites to test the effects of land consolidation on tree density and species richness. We found that the tree-unit density was positively related to plot size in 1991 1992, whereas it was negatively related to plot size in 2013 2014 (Table 4) . Individual tree density and species richness were not affected by the size of paddy plots in the past, but both were lower in the fields of larger plots in 2015 (Table 4) .
DISCUSSION
Variation of tree species diversity
The high variation of beta diversity (Table 1 ) might due to different topography (floodplain or low terrace) and soil fertility (high to moderate or moderate to low) of three selected landscapes (Pham et al. 2015) . Si Chompu and Phon Than have similar topography and soil properties (low terrace with moderate to low soil fertility), and both villages have the tree species that characterize the dry dipterocarp forest such as Shorea obtusa and Dipterocarpus obtusifolius (field survey). Nevertheless, as several tree species have their own specific suitability to some particular sites (Prachaiyo 2000), each landscape still has several unique species that other does not have (e.g. Phyllanthus taxodiifolius is a ruderal species found only in Phon Than sites). Due to this general low similarity in species composition between landscapes, the variation in diversity among sites of LC and NLC paddies were relatively high.
Though undergone the land consolidation process, all the parameters of tree species diversity in LC paddies were still higher than in NLC paddies. This result implies that the impact of land consolidation on tree species diversity is not as strong as other landscape variables (e.g. topography, initial species diversity). Although there were no land consolidation at NLC sites, introduction of machinery or changes in cultivation practices were adopted even sooner than in LC sites, due to the initial large plot size (interview results). The replacement of remnant species by planted trees also occurred earlier in sites where paddy plots were previously larger.
Effects of agricultural intensification on the density and species diversity of trees
The average plot size of LC paddy fields in the studied landscapes has undergone significant changes during 1975 2014, reflecting the landscape transformation that has occurred in the region and in the rest of Thailand due to the introduction of machinery in agriculture. In the past, Thailand's crop production increased as a result of expansion of the area under production (Thepent and Chamsing 2009) . Strategies were then introduced to increase agricultural production by increasing land productivity, which resulted in major changes in the paddy plot size from period 1991 1992 onward.
According to background and our hypothesis, agricultural intensification has negative effect on tree species diversity. However, results obtained from remote sensing analysis and field survey showed that tree density and diversity in LC group was generally higher than that in NLC group (Table 1, 3) . Initial low density of NLC group observed in 1975 1976 is probably due to large plot size. Although tree unit-density of paddy fields in both LC group and NLC group reduced over time, reduction rate is much higher in LC group (Table 3) . Apparently, farming method has been changed not only in LC group but also in NLC group (e.g. use of machinery instead of animal power) during 1975 2014. Therefore, reduction of tree density over time was observed in both groups. It can be assumed that one of the main cause of higher reduction rate in LC group is land consolidation. When interview with the field owners, one common point is that the paddy plots that were previously smaller were expanded when started using plowing tractor or harvesting machine. On the other hand, due to the more favorable water conditions, the paddy plots in the lowlands were originally large enough to require no further expansion. This is in align with the case study of a village in northeast Thailand, where alteration of paddy plots was the most efficient way to increase rice productivity in the highlands, where paddy plots were previously smaller (Watanabe et al. 2008 ).
The positive relationship between plot size and treeunit density found in 1991 1992 for LC sites was due to the exceptionally high number of tree-units on the levee found at one site (23.3 unit/ha) in Phon Than in that period (Table  4) . One explanation is that the site had a rather high treeunits density previously in 1975 1976 (36.4 unit/ha) . When plot sizes increased drastically from 0.11 in 1975 1976 to 0.33 ha in 1991 1992, the tree-units was still remain. The dominant species on that site was Dipterocarpus alatus (interview results) and Syzygium cumini (field observation), which leaf litter were considered good for rice growth (Pham et al. 2015) . However, according to interview, farmers that do not possess a harvesting machine have to line up for the rental one. Paddy fields with many trees had to wait until the last, thus people prefer less tree in their fields. Consequently, together with the removal of paddy levees and expansion of plot sizes, the increased use of machinery reduced the number of trees, resulted in the negative association between plot size and tree-unit density in 2013 2014 (Table 4) .
A study recently conducted at different crop fields (maize, soybean, forage crops, and wheat) in Canada revealed that farmlands with smaller field sizes had higher within-field biodiversity due to increase of landscape heterogeneity (Fahrig et al 2015) . Similarly, we also found that the individual density and species richness of trees in the fields were lower in paddy fields with larger plot sizes in 2015 (Table 4) . However, the mechanism of our result is due to the different characteristic in succession of trees in each microhabitat. When machinery was introduced to replace animal power, trees in the fields became an obstacle (Fig. 3b) . According to interview and field observation, small trees were removed immediately, whereas big trees were cut, and the stems were left to die when the fields flooded during the rainy season (Fig. 3c ). The dead stems were then easy to remove in the following dry season. The long flooding period in rice cultivation makes it difficult for tree seedlings to regenerate and survive in the field (Grandstaff et al. 1986) . As a result, most trees in the fields were remnants from the predominant forest (Appendix 1), and the large plot size of paddy fields after land consolidation reduced both their individual density and species diversity. On the other hand, only a few trees on the levees were cut to open routes for the newly introduced machinery to enter the fields. The rest were mostly pollarded or coppiced (Pham, field observation). As the levees are often 0.4 1 m higher than the field surface, the coppiced stems were then able to survive flooding, and regrowth occurred rapidly (Fig. 3d) . A limited selection of teak trees (Tectona grandis), with their high-value timber, and fast-growing eucalyptus trees (Eucalyptus camaldulensis) were planted on the levees (Niskanen 1998 , Pham et al. 2015 to replace the few trees that were removed. Hence, trees on the levees are mostly planted and were not significantly affected by land consolidation.
Possibility of the paddy field-based agroforestry
As smaller crop fields have higher within-field biodiversity, Fahrig et al. (2015) suggested that reducing plot sizes should be considered to enhance biodiversity in farmlands. However, reducing plot sizes neither seem effective nor applicable to a rice growing region where the plot sizes were already relative small compare to other regions (Thepent and Chamsing 2009) , and most farmers are planning on introducing agricultural machines. Thus, incorporating a wide selection of different tree species into the private farm forestry model, together with protecting seedlings of valuable remnants species would be effective in increasing the diversity of trees in paddy fields in this case. Considering the topography and soil properties is important in selection of species as the suitable species can grow fast on the site, while the unsuitable ones die out in the establishment stage (Prachaiyo 2000). According to field observation, ruderal trees such as Combretum quadrangulare and Mitragyna diversifolia are often found at flood plain villages while Streblus asper and Shorea obtusa are popular at low terrace ones. Common planted species that can be easily growth at any conditions are Eucalyptus spp., Mangifera indica, Tamarindus indica, Samanea saman, and Leucaena leucocephala (Pham, unpublished data) . High fertile soil is suitable for trees with big trunks and canopies such as Pterocarpus macrocarpus, Tamarindus indica, while moderate and poor soil is suited for Dipterocarpus or Shorea species (Prachaiyo 2000) . The trees species mentioned above were also found to have various important cultural utilities such as timber, food, fuelwood, etc. (Prachaiyo 2000 , Pham et al. 2015 . Besides, Senna siamea and Syzygium sp. are also two remnants species that applicable as they were considered to have good effect to rice growth (Pham et al. 2015) .
The most difficult time to apply the model would be the first several years, when tree planting often fails due to disturbances by flooding or agricultural activities. Guidelines and policies need to be developed to determine which combination of species to use, and subsidies for farmers at the initial stage of planting would also be necessary to ensure success. In a review that analyzed factors influencing adoption of agroforestry from 32 studies in the tropics, almost twice as many studies reported a positive correlation between plot size and tree planting than a negative one (Pattanayak et al. 2003) . This common pattern may reflect the fact that farmers with larger plots simply have more space available for trees which do not have to sacrifice other crop growing lands thus diminish the risks associated with growing trees (Sood and Mitchell 2009) . However, smaller farms in the paddy field-based agroforestry in central India had much higher densities of Acacia nilotica trees than larger farms, due to a large number of labor requiring to prune the tree canopies and roots, making it difficult for farmers with larger farms to maintain high densities (Viswanath et al. 2000) . The latter case is more advisable to fit the private farm forestry model in northeast Thailand, as the average of paddy land holding in the region is relatively small (Grandstaff et al. 2008 ) and the fact that farmers prefer to spend little time or effort in managing trees in their paddies due to on-farm labor shortage (Thepent and Chamsing 2009 
